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Highlights 28 
 Captive environments often lack required stimuli to preserve natural behaviour 29 
 This study compared behaviour of free-ranging and caged tamarins  30 
 Significant differences in mean rates of behaviour found between conditions 31 
 Free-ranging tamarins exhibited increased locomotion and proficient environment use 32 
 Free-ranging exhibit conducive to the exhibition of natural behaviours 33 
Abstract 34 
 35 
The lack of appropriate stimuli associated with captive environments has been documented to cause 36 
several behavioural and physiological issues in captive species, including loss of natural behaviours, 37 
psychopathologies and decreased reproductive success. Providing free-ranging, naturalistic exhibits 38 
that replicate elements of a species’ natural environment is advocated as a means of promoting and 39 
preserving the natural behavioural repertoire in captive species. Exhibition of natural behaviour is 40 
considered beneficial to conservation in terms of increased animal welfare, reintroduction success, 41 
education and research. This study assessed differences in behaviour of emperor and pied tamarins 42 
housed in free-ranging and caged exhibits at Durrell Wildlife Park, to determine the impact of exhibit 43 
type. Free-ranging tamarins were expected to exhibit a repertoire of behaviours more similar to that of 44 
wild tamarins, based on their access to a more natural and complex environment. Data was collected 45 
on a variety of behaviours, including activity, substrate use and communication, using instantaneous 46 
and one-zero sampling at 30 second intervals. Findings indicated that both free-ranging and caged 47 
tamarins exhibited natural behaviours; however, there were significant differences in mean rates of 48 
behaviours between conditions. Free-ranging tamarins exhibited significantly higher rates of 49 
locomotion (emperors: P < 0.001; pieds: P < 0.001), long calls (pieds: P < 0.05) and alarm calls 50 
(emperors: P < 0.05), and displayed competent use of the environment in terms of natural substrate 51 
use (emperors: P < 0.001; pieds: P < 0.01) and appropriate interspecific interactions. Caged tamarins 52 
exhibited significantly higher rates of affiliative (emperors: P < 0.001; pieds: P < 0.05) and agonistic 53 
(emperors: P < 0.005) intraspecific interactions and time spent in contact (emperors: P < 0.05; pieds: 54 
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P < 0.05), which was largely attributed to spatial restrictions imposed by caged exhibits. This study, 55 
consistent with existing literature, indicated that the free-ranging exhibit was conducive to the 56 
expression of a behavioural repertoire more similar to that of wild tamarins. This was probably a 57 
result of the increased behavioural opportunities available in the free-ranging exhibit, highlighting 58 
their importance in promoting wild-type behaviours. However, some mean rates of behaviour were 59 
still noticeably less than those documented in wild counterparts. Methods to further promote natural 60 
behaviours in both exhibits are recommended to facilitate ex situ and in situ conservation efforts.  61 
Keywords: Captivity, emperor tamarin, free-ranging, natural behaviour, naturalistic exhibit, pied 62 
tamarin 63 
 64 
1.0 Introduction 65 
  66 
In captivity, animals are faced with an environment that differs substantially from their natural habitat 67 
and is often lacking in appropriate stimuli (McPhee and Carlstead, 2010). Less time is required for 68 
natural activities such as foraging, mate-seeking and predator avoidance, and thus, these behaviours 69 
often decrease (Shepherdson, 1994; Prescott and Buchanan-Smith, 2004) and time spent on other 70 
activities, including abnormal behaviours, may increase (Jaman and Huffman, 2008; McPhee and 71 
Carlstead, 2010). Additionally, natural and artificial selection pressures within the captive 72 
environment can alter behaviours and traits to those that confer greater survivorship in captivity, 73 
resulting in genetic, morphological and phenotypic divergence from wild counterparts (Shepherdson, 74 
1994; Williams and Hoffman, 2009). The inability to express natural behaviour in captivity can have 75 
severe implications for conservation in terms of decreased animal welfare, reintroduction success and 76 
species recovery (McPhee and Carlstead, 2010). 77 
 78 
As a result, modern zoos increasingly endeavour to provide complex, naturalistic exhibits (Davey, 79 
2006; Fabregas et al., 2012), on the assumption that the closer a captive environment resembles a 80 
species’ natural environment, the more likely it is to provide opportunities to meet their biological and 81 
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behavioural needs and elicit a full range of natural behaviour patterns (Maple and Finlay, 1989; 82 
Chang et al., 1999; Morgan and Tromborg, 2007; Hosey et al., 2009). Indeed, wild-type activity 83 
budgets have been documented across numerous species housed in naturalistic exhibits, including 84 
mandrills (Chang et al., 1999); Hanuman langurs (Little and Sommer, 2002), Indian leopards 85 
(Mallapur et al., 2002) and Sulawesi macaques (Melfi and Feistner, 2002). Exhibition of natural 86 
behaviour is generally considered to be an indicator of good welfare and crucial to reintroduction 87 
success (Melfi and Feistner, 2002; Melfi et al., 2004; McPhee and Carlstead, 2010). 88 
 89 
Free-ranging zoo exhibits allow animals to move more or less freely within a naturalistic environment 90 
(Price et al., 2012). Individuals are afforded a degree of control in their environment, allowing them 91 
to be behaviourally flexible and exhibit adaptive responses to novel situations, as required in situ 92 
(Shepherdson, 1994; Chang et al., 1999). Studies of free-ranging callitrichids in comparison to caged 93 
individuals have reported adaptive behaviour and increased natural behaviours, including vigilance, 94 
feeding, locomotion and wider substrate use (Price et al., 1989, 1991, 2012; Price, 1992; Moore, 95 
1997), reduced mortality and increased success in weaning offspring (Steinmetz et al., 2011) and 96 
lower levels of injury, illness or fighting (Beck et al., 2002).  97 
 98 
However, it has been argued that even naturalistic exhibits can never fully replicate the pressures and 99 
unpredictability found in situ (Hosey, 2005; McPhee and Carlstead, 2010). Abnormal behaviours and 100 
behavioural deficits have still been documented in captive species housed in naturalistic exhibits, 101 
suggesting that a naturalistic appearance is not always synonymous with increased functionality and 102 
any associated benefits (Shepherdson et al., 1998; Melfi et al., 2004; McPhee and Carlstead, 2010). 103 
Furthermore, Hosey (2005) argues that a lack of certain wild-type behaviours does not necessarily 104 
signify reduced welfare, as not all natural behavioural opportunities can be replicated.  105 
 106 
The relationship between free-ranging captive exhibits and reintroduction success is also ambiguous 107 
(Beck et al., 2002; Price et al., 2012). Some studies report increased survival as a result of exposure to 108 
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such environments (Miller et al., 1990; Biggins et al., 1999; Valladares-Padua et al., 2000), whilst 109 
others found no additional survival benefits (Beck et al., 2002; Stoinski and Beck, 2004). However, 110 
the definition of “free-ranging” used in the latter studies is debatable (Price et al., 2012). Therefore, 111 
increasing knowledge of the effect of free-ranging exhibits on behavioural repertoires would be 112 
beneficial, and would help to identify the best exhibit types for preserving and promoting natural 113 
behaviours. The majority of studies in this field have investigated the movement and/or adaptation of 114 
individuals to more naturalistic exhibits (e.g. Box and Rohrhuber, 1993, Chang et al., 1999, Little and 115 
Sommer, 2002, Mallapur et al., 2002; Armstrong and Santymire, 2013), with fewer studies concerned 116 
with free-ranging exhibits and choosing to focus on specific aspects of behaviour (Price et al., 1989, 117 
Price, 1992; Stafford et al., 1994; Burrell and Altman, 2006; Steinmetz et al., 2011). This study 118 
investigated differences across a variety of behaviours in free-ranging and caged bearded emperor 119 
tamarins (Saguinus imperator subgrisescens) and pied tamarins (Saguinus bicolor), to determine the 120 
impact of exhibit type on behaviour. We expected that free-ranging tamarins of both species would 121 
exhibit a behavioural repertoire that more closely resembled that of their wild counterparts, based on 122 
their access to a more complex and naturalistic environment. 123 
 124 
2.0 Methods 125 
2.1. Subjects and housing 126 
 127 
Subjects consisted of free-ranging emperor tamarins (FRE), free-ranging pied tamarins (FRP), caged 128 
emperor tamarins (CE) and caged pied tamarins (CP) (Table 1). All subjects were captive born and 129 
housed at Durrell Wildlife Park, Jersey, United Kingdom. Subjects were chosen based on similar 130 
social and age structures where possible, as well as comparable exhibit design within each condition. 131 
CE, CP and FRP were housed in male-female pairs. FRE consisted of mother, father, son and 132 
daughter. Groups had been established for varying amounts of time ranging from 3 months to 5 years. 133 
All subjects were parent-reared, except one hand-reared male CP. 134 
 135 
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Free-ranging tamarins (FRT) were housed in ‘Tamarin Woods’ which was partially accessible to the 136 
public. The FRE and FRP study groups were based in separate sheds approximately 50 m apart, but 137 
all FRT had constant access to a much larger area via vegetation and fencing and interacted frequently 138 
(see Price et al., 2012 for further details). As such, the main area utilised on a daily basis by FRT (as 139 
denoted by keepers) was used when referring to the free-ranging exhibit in this study; see Figure 2.1. 140 
Golden-lion tamarins (Leontopithecus rosalia) were also present in the free-ranging exhibit but were 141 
not included in this study due to a lack of caged individuals for comparison.  142 
 143 
Limited availability of individuals for this study resulted in selection of caged tamarins (CT) housed 144 
in slightly different exhibits (Table 2). The majority of CT were housed in off-show exhibits, but one 145 
pair of CE were housed in an on-show exhibit. All CT had 24-hour access to their sheds and outside 146 
areas whilst FRT were secured in their shed at night due to predation risks and declining temperatures. 147 
Indoor shed areas were furnished similarly across species and conditions; each unit consisted of ropes, 148 
wooden platforms, nestboxes and water bottles. Floors were covered with wood shavings and a 149 
temperature of 23◦C-27◦C was maintained via thermostats using 80W heat lamps (see Wormell and 150 
Brayshaw, 2000, for full details). Husbandry routines were also comparable across species and 151 
conditions. All tamarins were fed a diet of primate pellets, mixed fruit and vegetables, and insects (see 152 
Wormell, 2010), with food given three times a day (08.30-09.00h, 11.30-12.30h and 15.00-16.00h), 153 
except for FRE. Due to difficulty with recall, FRE were fed a small training treat before release at 154 
09.00h and were encouraged to return at around 10.30h for breakfast and 15.00h for dinner. FRP were 155 
released at around 09.00h, recalled at 12.00h for lunch and a visitor talk, and retired at around 16.00h. 156 
 157 
 158 
 159 
 160 
 161 
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2.2. Data collection 162 
2.2.1 Pilot study and ethogram design 163 
 164 
Ad libitum sampling was carried out for five days prior to data collection to facilitate ethogram design, 165 
determine sampling techniques and allow for identification of individuals. An ethogram (Table 3) was 166 
developed using data from the pilot study and similar studies. Behaviours included were considered to 167 
be representative of the behavioural repertoire of tamarins, including environment use. Categories for 168 
height above ground were created based on the maximum height of the caged exhibits (approximately 169 
4 m). Social spacing categories were based on the maximum distance that CT could move apart while 170 
remaining simultaneously visible.  171 
 172 
2.2.2 Behavioural data 173 
 174 
Data collection occurred during 20 minute sessions, 12 times per day for 5 days a week, from 4th June 175 
2014 to 23rd July 2014. To control for diurnal variation in behaviour, observations were divided into 176 
three time periods: 09.00-10.30h, 11.00-12.30h and 13.00-14.30h. Observations ceased for all 177 
tamarins at 14.30h to prevent bias due to restrictions imposed by husbandry routines for FRE. Data 178 
were collected on focal animals using instantaneous sampling at 30 second intervals combined with 179 
one-zero sampling (Martin and Bateson, 1993). Focal animals were selected in a predetermined order, 180 
so that each animal was observed for equal amounts of time within each time period, ensuring equal 181 
representation in the final sample. At each 30 second sample point, the location, activity, substrate 182 
type (diameter and orientation), height above ground (m) and social spacing (to the nearest metre) of 183 
the focal animal were recorded. One-zero sampling was used to record the occurrence of long calls, 184 
alarm calls, scent marking, locomotion type and social and sexual interactions within each 30 second 185 
interval. Locomotion, social and sexual behaviours were recorded using instantaneous and one-zero 186 
sampling to obtain data for activity budgets, as well as the occurrence of specific behaviours. Using a 187 
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combination of instantaneous and one-zero sampling ensured that data was collected on a wide variety 188 
of behaviours.  189 
 190 
Data were only collected when individuals were outdoors, due to poor visibility in sheds and the fact 191 
that exhibits mainly differed in terms of outdoor access. Otherwise, individuals were recorded as ‘in 192 
shed’ or ’not visible’. Sessions when individuals were entirely ‘not visible’ or had been restricted to 193 
their shed were repeated. Individuals which had a mean percentage of visibility more than one 194 
standard deviation from the mean visibility of all individuals within that condition were observed for 195 
an additional hour, increasing the amount of data for analysis. 196 
 197 
2.2.3 Ethical considerations and risk assessment 198 
 199 
This study received ethical clearance by The School of ARES Ethical Review Group at Nottingham 200 
Trent University prior to data collection. 201 
 202 
2.3 Data analysis 203 
 204 
As some individuals were not visible considerably more than others, instantaneous and one-zero 205 
scores were converted to mean rates per hour of time visible for all behaviours, except ‘not visible’. 206 
To determine if there were any significant differences in visibility, all visible and not visible data 207 
points were used. 208 
 209 
For the purpose of analysis, the social behaviour category was condensed into ‘affiliative’ (play, 210 
allogrooming and affection) and ‘agonistic’ (aggressive and submissive) interactions. The social 211 
spacing category was condensed into ‘contact’ (<1m) ‘proximity’ (1-4m) and ‘distant’ (>4m). The 212 
sexual interactions category was condensed into one overall category. Any behavioural categories 213 
with no values for both free-ranging and caged conditions were excluded from statistical analysis. 214 
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Therefore, ‘other’, and ‘ground’ were excluded for emperors. As CT could not reach heights of ‘>5m’ 215 
this category was excluded from statistical analysis. The younger animals in the FRE group did not 216 
exhibit sexual behaviour, thus, this category was also excluded from analysis for emperors. 217 
 218 
Statistical analyses were carried out using IBM SPSS statistics version 21. Mann-Whitney U tests 219 
were used to assess differences in behaviour between FRT and CT for each species (e.g. Box and 220 
Rohrhuber, 1993, Mallapur et al., 2002, Steinmetz et al., 2011). Species were analysed separately to 221 
prevent any bias in terms of species differences in behaviour. All statistical analyses were 2-tailed 222 
with an alpha level of 0.05.  223 
 224 
3.0 Results 225 
 226 
In total, 6 hours of data were collected per individual over the study period. Results were relatively 227 
consistent across species.  228 
 229 
3.1 Emperor Tamarins 230 
 231 
Table 4 displays all statistical results for FRE and CE. FRE spent significantly more time ‘not visible’ 232 
than CE, who spent significantly more time in their shed. Natural substrates were used significantly 233 
more by FRE but no significant difference was found for use of artificial substrates.  234 
Locomotion was significantly higher for FRE, specifically leaping, running, jumping and walking. No 235 
significant differences were found for hang or climb behaviour, although hanging was the only 236 
locomotory type exhibited more by CE. Foraging, rest, provisioned feeding and social behaviour were 237 
significantly higher in CE. Both affiliative and agonistic interactions were significantly higher in CE. 238 
No significant differences were found between conditions in stationary, natural feed or groom 239 
behaviours, although stationary behaviour was approaching significance, with more observed in CE. 240 
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Alarm calls were exhibited significantly more by FRE, but no significant differences were found for 241 
long calling or scent marking. 242 
 243 
Use of horizontal, diagonal and vertical substrates was not significantly different between conditions. 244 
FRE used substrates of 2-10 cm significantly more, with use of 10-30 cm substrates significantly 245 
higher in CE. No significant differences were found for <2 cm and >30 cm diameter substrates. 246 
Neither group was recorded using the ground. Areas 2-5 m above ground were used significantly 247 
more by CE, but ground-2 m was not significantly different. Only FRE had access to heights of  ‘>5 248 
m’, using these at a mean rate of 0.15±0.03 per hour. FRE spent significantly less time in ‘contact’ 249 
than CE, but ‘proximity’ was significantly higher. There was no significant difference found for 250 
‘distant’ between groups.  251 
 252 
3.2 Pied Tamarins 253 
 254 
Table 5 displays all statistical results for FRP and CP. As with FRE, FRP were ‘not visible’ 255 
significantly more than CP, who spent significantly more time in their shed. Use of natural substrates 256 
was significantly higher for FRP, but artificial substrate use was not significantly different.  257 
 258 
Locomotion was significantly higher in FRP, specifically leaping and running. No significant 259 
differences were found for jump, walk, hang or climb. Again, hanging was the only locomotory type 260 
exhibited more by CP. Grooming behaviour was significantly lower in FRP. There were no significant 261 
differences found for stationary, provisioned feed, natural feed, forage, rest, sexual or ‘other’ 262 
behaviour, although sexual behaviour was approaching significance. Affiliative interactions were 263 
significantly higher in CP but agonistic interactions were not significantly different between groups. 264 
Long calls were exhibited significantly more by FRP; no significant differences were found between 265 
conditions for alarm calling or scent marking.  266 
 267 
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Use of horizontal, diagonal and vertical substrates was not significant between conditions. Substrates 268 
of diameter ‘<2 cm’ and ‘>30 cm’ were used significantly more by FRP; substrates of 2-10 cm and 269 
10-30 cm were used significantly more by CP. Use of the ground was rare for both groups, with no 270 
significant differences found. CP used ground-2 m significantly more than FRP, whereas FRP used 2-271 
5 m significantly more. Heights of ‘>5 m’ above ground were used at a mean rate of 0.12±0.03 per 272 
hour by FRP. CP spent time in ‘contact’ with their conspecifics significantly more than FRP, with 273 
time spent ‘distant’ significantly higher in FRP. No significant difference was found for ‘proximity’ 274 
between groups. 275 
 276 
4.0 Discussion 277 
 278 
Wild individuals must possess a repertoire of behaviours required for survival, including orientation 279 
and locomotion skills; feeding and foraging; obtaining suitable places to rest and sleep; and 280 
interspecific and intraspecific interaction (Box, 1991). The main reason for the initial reintroduction 281 
failure of golden lion tamarins was their inability to find food and move on natural substrates 282 
(Kleiman et al., 1990). Encouragingly, all FRT and CT in this study exhibited natural behaviours, but 283 
mean rates of behaviour differed between conditions. FRT displayed mean rates of behaviour more 284 
similar to those of their wild counterparts, e,g, increased use of naturalistic substrates, locomotion 285 
types and appropriate communication. CT exhibited higher rates of intraspecific interaction and time 286 
spent in contact. Caged exhibits, although large and well-furnished, still offered fewer opportunities 287 
than the free-ranging exhibit. 288 
  289 
4.1 Activity and environment use 290 
 291 
FRT spent just over half the time not visible, predominantly in dense vegetation. This is typical of 292 
callitrichids housed in larger, more naturalistic exhibits (Chamove and Rohrhuber, 1989; Burrell and 293 
Altman, 2006) and in the wild (Digby, 1995), where they are extremely vulnerable to predators and 294 
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dense vegetation provides them with cover (Garber, 1984; Chamove and Rohrhuber, 1989; Chamove, 295 
1996). CT spent significantly more time in their sheds, especially during bouts of cold/rainy weather, 296 
when FRT would typically use natural shelter, displaying adaptability to unpredictable conditions.  297 
 298 
Wild tamarins defend home ranges of 10-100 ha (Mittermeier et al., 2008), and average daily travel 299 
distances of 1.5–2 km have been recorded (Garber. et al, 1993; Raboy and Dietz, 2004; Terborgh, 300 
1983),. Locomotion was significantly higher in the free-ranging habitat, equating to approximately a 301 
third of overall activity: similar to the 33% documented in wild golden-lion tamarins (Dietz et 302 
al.,1997) and golden-headed lion tamarins (Raboy and Dietz, 2004), and higher than the 20-21% 303 
reported for emperor and saddle-back tamarins by Terborgh (1983). Considering that the need to 304 
search for resources is reduced in captivity, this is particularly encouraging. Quadruple progression 305 
and leaping are the predominant forms of travel in wild tamarins (Garber, 1980; Stafford et al., 1994); 306 
quadruple walking was the main form of locomotion for all groups in this study. Running and leaping 307 
were significantly higher in all FRT; jumping and walking were also significantly higher in FRE. 308 
Whilst this demonstrates that FRT are capable of a range of locomotor types, mean rates were still 309 
lower than their wild counterparts. For example, although significantly higher in FRT, mean rates of 310 
leaping were still substantially lower than the 30% of travel documented in wild tamarins (Garber and 311 
Pruetz, 1994; Youlatos, 1999). Thus, motivation to leap could be explored. Spatial restrictions 312 
imposed by cages limited opportunities for continual running.  313 
 314 
Feeding and foraging rates in wild tamarins range between 12.8%  and 30% (Egler,1992; Keuroghlian 315 
and Passos, 2001; Raboy and Dietz, 2004). The highest combined feeding and foraging rate for 316 
tamarins in this study was approximately 11% of total activity. Again, as natural food acquisition and 317 
consumption in captivity is non-essential, lower rates were to be expected. Interestingly, foraging was 318 
higher in CE than any other group, in contrast to published findings on other primates (Chang et al., 319 
1999; Little and Sommer, 2002). However, Garber (1980) found that wild callitrichids often feed and 320 
forage in dense vegetation, so these behaviours may have been missed when FRT were not visible. 321 
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FRT in this study were observed foraging from fruiting trees and stalking moorhens, demonstrating 322 
their ability to successfully acquire natural foods.  323 
 324 
Resting behaviour was significantly higher in CE, but was seldom observed in any group, and was 325 
lowest in FRT. Melfi and Feistner (2002) found that an increase in enclosure size was inversely 326 
related to the frequency of resting behaviour in Sulawesi macaques. Furthermore, we assume that 327 
most resting behaviour occurred when tamarins were not visible in dense vegetation and during the 328 
night, consistent with wild tamarins (Rylands and Mittermeier, 2008). Stationary behaviour was the 329 
most frequently recorded behaviour for all groups, consistent with other captive species housed in 330 
naturalistic environments (Price, 1992).  331 
 332 
FRT used natural substrates significantly more than CT, including use of more varied substrate types 333 
in terms of diameter and orientation, consistent with findings on callitrichids in naturalistic 334 
environments and in the wild (Price et al., 1992; Moore, 1997; Beck et al., 2002; Stoinski and Beck, 335 
2004). Wild pied tamarins typically use the middle-to-lower levels of the canopy, feeding on plants at 336 
heights of 10-12 m and animal prey at heights of 4-5 m (Egler, 1992; Vidal and Cintra, 2006). Wild 337 
emperor tamarins also avoid the highest levels of the canopy, feeding predominantly at 11-30 m 338 
(Terborgh, 1983). CT were restricted to heights of around 4 m; FRT were occasionally observed at 339 
heights above 5 m but were most commonly recorded at 2-5 m, which included shed entrances. In 340 
times of food scarcity, wild tamarins have been observed ground foraging, but for minimal time 341 
periods due to ground predators (Redshaw and Mallinson, 1991; Vidal and Cintra, 2006). Only pied 342 
tamarins were observed using the ground and did so solely to forage, consistent with wild behavioural 343 
patterns.  344 
 345 
Although this competent environment use is reassuring, several comparable studies on wild 346 
callitrichids have concluded that certain locomotor and behaviour patterns are exhibited in association 347 
with specific substrate structures (Garber, 1984; Garber and Pruetz, 1994; Stafford et al., 1994; Vidal 348 
 
 
14 
 
 
and Cintra, 2006). Natural substrates were much more available in the free-ranging exhibits, whilst 349 
artificial perches (10-30 cm in diameter) were frequently provided in the cages and were often used 350 
for stationary and social behaviour. Furthermore, much of the basic structure of cages was composed 351 
of mesh, which probably resulted in increased hanging behaviour, as found by Chamove (2005). The 352 
placement of substrates within exhibits may also influence their use, e.g. ropes (2-10cm in diameter) 353 
were used to connect shed areas to surrounding trees in the free-ranging exhibits, necessitating their 354 
use. 355 
 356 
4.2 Social interactions 357 
 358 
Affiliative interactions were significantly lower in FRT, with agonistic interactions also significantly 359 
lower in FRE. Such decreased social interactions have been attributed to increased behavioural and 360 
spatial opportunities in larger, naturalistic exhibits (Box and Rohrhuber, 1993; Beck et al., 2002; 361 
Melfi and Feistner, 2002). This is corroborated by the increased inter-individual distances found in 362 
FRT compared to CT in this study, as well as in other captive species (Box and Rohrhuber, 1993; 363 
Chang et al., 1999; Little and Sommer, 2002) and wild tamarins (Norconk,1990).  364 
  365 
All agonistic interactions recorded in FRT were interspecific, as commonly found in situ (Heymann 366 
and Buchanan-Smith, 2000). Territorial behaviour is essential to survival in the wild (Peres, 1989) and 367 
thus, agonistic interactions are to be expected, particularly as pied tamarins are not naturally 368 
sympatric with other callitrichids. However, wild emperor tamarins do form mixed-species 369 
associations with saddle-back tamarins, so these agonistic interactions with FRP are interesting. The 370 
significant occurrence of long-calls in FRP could indicate their use as territorial signals towards the 371 
FRE, as found for wild tamarins (Garber et al., 1993; Windfelder, 2001).  372 
 373 
Encouragingly, alarm calls were observed in all individuals in response to aerial predators and/or 374 
unfamiliar stimuli, although at lower rates than those observed in wild tamarins by Heymann (1990). 375 
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In captivity, natural predators and threats are less frequent and the consistent occurrence of some 376 
threats, e.g. humans, may cause habituation. FRE exhibited alarm calls significantly more than CE, 377 
potentially as a result of encountering more stimuli, as also found for cotton-top tamarins (Price et al., 378 
1991). Garber et al. (1993) reported that wild tamarins often exhibit alarm calls alongside aggressive 379 
encounters with other species; again, it is possible that the significant occurrence of alarm calls in 380 
FRE was attributable to the presence of FRP.  381 
 382 
Scent-marking is essential in communicating information in callitrichids, including reproductive 383 
status, individual information and home ranges (Wormell and Feistner, 1992; Miller et al., 2003), but 384 
its role in territory marking is disputed (Heymann, 2000; Gosling and Roberts, 2001; Miller et al., 385 
2003). FRT exhibited higher scent marking than CT, which appeared to increase during aggressive 386 
encounters, consistent with findings on wild moustached tamarins (Garber et al., 1993).  387 
 388 
4.3 Implications for conservation 389 
 390 
A free-ranging exhibit appears conducive to the development of essential survival skills, including 391 
natural foraging, orientation in a 3-dimensional habitat and appropriate intra- and interspecific 392 
interactions, highlighting its value as a pre-release training ground for potential reintroduction 393 
candidates. A black lion tamarin reintroduced after two years of free-ranging experience at Durrell 394 
Wildlife Park, exhibited appropriate foraging and locomotor behaviour in the period following release 395 
(Valladares-Padua et al., 2000). Stoinski and Beck (2004) also report that released animals with free-396 
ranging experience ‘nearly fell’ less frequently and spent more time micro-manipulating than animals 397 
without such experience. They recommend placing tamarins into complex environments early in 398 
development to promote natural behaviours and increase survival opportunities after release. In this 399 
regard, free-ranging exhibits could play a role in the selection of potential reintroduction candidates 400 
based on evaluation of skills possessed (Beck et al., 2002; Mathews et al., 2005; Price et al., 2012) 401 
and enable the time required to acquire various behaviours to be assessed (Stoinski et al., 2003). 402 
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Whilst this study suggests that free-ranging exhibits can promote and preserve natural behaviours, it 403 
also supports Beck et al. (2002) in indicating that a free-ranging exhibit alone is not sufficient to 404 
replicate the challenges faced by wild animals. Valladares-Padua et al., (2000) highlight the need for 405 
effective anti-predator avoidance skills, which are often noticeably lacking in captive individuals 406 
(Beck et al., 1991). The benefits of pre-release training for predator avoidance have been documented 407 
across a range of captive species (van Heezik et al., 1999; Shier and Owings, 2006; Moseby et al., 408 
2012), and thus, opportunities to refine specific skill sets prior to reintroduction attempts would 409 
optimise the chances of survival. For example, availability and placement of natural substrates in 410 
exhibits should promote the development and exhibition of a varied locomotor and behavioural 411 
repertoire (Stafford et al., 1994; Boere, 2001).  412 
 413 
5.0 Conclusions 414 
 415 
Both captive exhibits provided opportunities for expression of natural behaviour. The free-ranging 416 
exhibit was conducive to the exhibition of behavioural skills that were dependent on the opportunities 417 
offered by the physical environment. The ability to express natural behaviour is generally considered 418 
beneficial to conservation in terms of increased individual psychological and physiological health and 419 
welfare, reintroduction success, education and research. However, divergence from wild tamarins was 420 
still evident in some aspects of behaviour in both exhibit types. To further promote natural 421 
behaviours, all tamarins should be provided with additional behavioural opportunities to ensure the 422 
acquisition and practice of desirable skills, such as anti-predator avoidance and manipulation of 423 
substrate types within exhibits. Longitudinal studies on a range of species would be valuable in 424 
assessing the impact of free-ranging exhibits in zoos and other institutions. 425 
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Tables  670 
 671 
Table 1: Details of all study subjects  672 
* FRE: Free-ranging emperors; FRP: Free-ranging pieds; CE: Caged emperors; CP: Caged pieds 673 
 674 
Table 2: A comparison of exhibit types used in this study. 675 
 676 
Table 3: An ethogram of behaviours for all tamarins in the study, adapted from Price (1992), Stafford 677 
et al. (1994), Wormell et al. (1996) and Armstrong and Santymire (2013). 678 
 679 
Table 4: Mean rate per hour (±SE), sampling method, z values and statistical significance of 680 
behaviours exhibited by free-ranging (N=4) and caged (N=4) emperor tamarins. P values are for 2-681 
tailed, Mann-Whitney U tests. Significant values (P < 0.05) are in bold. 682 
 683 
Table 5: Mean rate per hour (±SE), sampling method, z values and statistical significance of 684 
behaviours exhibited by free-ranging (N=2) and caged (N=6) pied tamarins. P values are for 2-685 
tailed, Mann-Whitney U tests. Significant values (P<0.05) are in bold. 686 
 687 
Figures 688 
 689 
Figure 1: Map of Durrell Wildlife Park showing the ‘Tamarin Wood’ area used by FRT and the location 690 
of the caged exhibits. 691 
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